Accuracy of MUAC in the detection of severe wasting with the new WHO growth standards. by Fernández, M A L et al.
DOI: 10.1542/peds.2009-2175 
 2010;126;e195-e201; originally published online Jun 29, 2010;  Pediatrics
Miguel Ángel Luque Fernández, Pascale Delchevalerie and Michel van Herp 
  Growth Standards
Accuracy of MUAC in the Detection of Severe Wasting With the New WHO
  http://www.pediatrics.org/cgi/content/full/126/1/e195
located on the World Wide Web at: 
The online version of this article, along with updated information and services, is
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275. 
Grove Village, Illinois, 60007. Copyright © 2010 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
. Provided by University of Bristol on July 2, 2010  www.pediatrics.org Downloaded from Accuracy of MUAC in the Detection of Severe Wasting
With the New WHO Growth Standards
WHAT’S KNOWN ON THIS SUBJECT: MUAC measurements are
used to screen rapidly for malnutrition among children 6 to 59
months of age. With the introduction of a new growth curve for
children by the WHO in 2006, an evaluation of MUAC diagnostic
accuracy is needed.
WHAT THIS STUDY ADDS: This study conﬁrms the need to
change the MUAC cutoff value from 110 mm to 115 mm. This
change is needed to maintain the same diagnostic accuracy and
to identify children at greatest risk of death resulting from
severe wasting.
abstract
OBJECTIVES: The objectives of this study were to estimate the accu-
racyofusingmid-upper-armcircumference(MUAC)measurementsto
diagnose severe wasting by comparing the new standards from the
World Health Organization (WHO) with those from the US National Cen-
terforHealthStatistics(NCHS)andtoanalyzetheageindependenceof
the MUAC cutoff values for both curves.
METHODS: We used cross-sectional anthropometric data for 34937 chil-
dren between the ages of 6 and 59 months, from 39 nutritional surveys
conducted by Doctors Without Borders. Receiver operating characteristic
curves were used to examine the accuracy of MUAC diagnoses. MUAC age
independence was analyzed with logistic regression models.
RESULTS: WiththenewWHOcurve,theperformanceofMUACmeasure-
ments,intermsofsensitivityandspeciﬁcity,deteriorated.Withdifferent
cutoffvalues,however,theWHOstandardssigniﬁcantlyimprovedthepre-
dictivevalueofMUACmeasurementsovertheNCHSstandards.Thesensi-
tivity and speciﬁcity of MUAC measurements were the most age indepen-
dent when the WHO curve, rather than the NCHS curve, was used.
CONCLUSIONS: This study conﬁrms the need to change the MUAC cut-
offvaluefrom110mmto115mm.Thisincreaseof5mmproduces
a large change in sensitivity (from 16% to 25%) with little loss in spec-
iﬁcity, improves the probability of diagnosing severe wasting, and re-
ducesfalse-negativeresultsby12%.Thischangeisneededtomaintain
the same diagnostic accuracy as the old curve and to identify the
children at greatest risk of death resulting from severe wasting.
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and muscle mass. Under conditions of
reduced food intake, lower levels of
subcutaneous fat and muscle mass
tend to correspond to a decrease in
the mid-upper-arm circumference
(MUAC). This measurement can be
used to diagnose malnutrition.1–3
MUAC is easy to measure and is rela-
tively independent of gender and age.4
Because of the simplicity and low cost
of measuring MUAC, it is used to
screenrapidlyformalnutritionamong
children6to59monthsofage.5,6MUAC
cutoff points of 125 mm (indicating
globalmalnutrition)and110mm(indi-
cating severe wasting) have been pro-
posedforallchildren5yearsofage.7
Weight for height, expressed as a z
score,isusedtodeﬁneseverewasting.
A weight-for-height level less than a z
scorecutoffvalueof3isinternation-
ally recognized as severe wasting. In
2006,anewcurvegrowthstandardfor
assessing the growth of children
throughout the world was introduced
by the World Health Organization
(WHO). A study comparing curves of-
fered by the WHO and the US National
Center for Health Statistics (NCHS) for
diagnosisofseverewastingconcluded
that the WHO curve would identify
morechildrenwithahighriskofdeath
andwouldincreasethenumberofchil-
dren classiﬁed as experiencing severe
wasting.8 Therefore, it is also impor-
tant to compare the accuracy of the
current MUAC cutoff point for severe
wasting (110 mm) against the stan-
dard measures, that is, the 1977 child
growth standards of the US NCHS9 and
the 2006 WHO reference curve.10 The
objectives of this study were to esti-
matetheaccuracyofusingMUACmea-
surements to diagnose severe wast-
ing, deﬁned as a weight-for-height z
score less than 3 without bipedal
edema, by comparing the new WHO
curve with the NCHS curve and to ana-
lyzetheageindependenceoftheMUAC
cutoff values of both curves.
METHODS
Datawereobtainedfrom39nutritional
surveys conducted by Doctors Without
Border in 10 countries, that is, Angola,
Burundi, Malawi, Sierra Leona, Ethio-
pia, Niger, Burkina Faso, Chad (Dar-
fur), India, and Afghanistan. Gender,
weight, height, and MUAC were re-
corded for all children. The weight-for-
length ratio was calculated for chil-
dren who were 24 months of age. A
totalof34937childrenbetween65and
110 cm in height without bipedal
edema were included in our analyses.
The device used to measure the MUAC
of children was a plastic, colored, in-
sertion tape (incapable of stretching
and unresponsive to temperatures)
marked in millimeters, with cutoff
points from red to yellow at 110 mm
and from yellow to green at 125 mm
(more information about measurers
andtheMUACdeviceisprovidedinthe
Appendix).11
For the statistical analyses, we ﬁrst
calculatedthenutritionalindicatorsof
severe wasting (more information is
available in the Appendix), weight-for-
height z scores less than 3 for all
children, according to the NCHS and
WHO curves. We then compared the di-
agnostic accuracy of the 2 curves by
using 2  2 tables to determine the
sensitivity, speciﬁcity, positive predic-
tive value, and Youden index (more in-
formation about Youden index estima-
tion is available in the Appendix)12 of
various MUAC cutoff points (110, 115,
125, 135, 140, and 145 mm). The pro-
portion of children with severe wast-
ing who would be missed with the
MUAC measure also was calculated.
Weusedreceiveroperatingcharacter-
isticcurvestoestimatetheareaunder
the curve13 for different MUAC cutoff
values, to compare the discriminatory
capacity of the WHO and NCHS curves
for severe wasting.
To analyze the age and gender inde-
pendence of the sensitivity and speci-
ﬁcity of MUAC measurements in the di-
agnosisofseverewastingwiththenew
curve, 2 logistic regression models
were used to build receiver operating
characteristic curves (more informa-
tion about the models is available in
the Appendix). The areas under both
curves (unadjusted and adjusted for
gender and height, as a proxy of age)
were compared by using the test de-
scribed by Hanley and McNeil.14
Finally, the age independence of the
sensitivity and speciﬁcity of MUAC
measurements in the diagnosis of se-
vere wasting with the WHO and NCHS
curveswasassessed.Heightwasused
as a proxy for age according to the
following categories: 60.0 to 73.9 cm, 6
to 11 months; 74.0 to 84.9 cm, 12 to
23 months; 85.0 to 93.9 cm, 24 to 35
months; 94.0 to 101.9 cm, 36 to 47
months; 102.0 to 110.0 cm, 48 to 59
months.15
RESULTS
According to the old NCHS reference
curve, the prevalence of severe wasting
(deﬁned as the proportion of children 6
to 59 months of age with weight-for-
height z scores below 3, without
edema)was1.5%(548children).Accord-
ing to the new WHO curve, however, the
prevalence was 3.9% (1419 children).
The prevalence of severe wasting diag-
nosedwiththenewWHOreferencecurve
increased by 2.4% (95% conﬁdence in-
terval [CI]: 2.2%–2.6%).
Table 1 shows the accuracy of various
MUAC cutoff points according to both
the NCHS and WHO reference curves.
The best cutoff point for the diagnosis
of severe wasting according to the
NCHS curve was 130 mm (Youden in-
dex: 0.63), and that according to the
WHOcurvewas135mm(Youdenindex:
0.61). The predictive capacity of MUAC
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points improved remarkably when the
WHO curve was used instead of the
NCHS curve (NCHS curve, positive pre-
dictive value: 7.0% [95% CI: 6.3%–
7.6%]; WHO curve, positive predictive
value:13.0%[95%CI:12.2%–13.6%]).In
addition, the proportion of false-
negative results with a 135-mm MUAC
cutoff value was 15.5% with the WHO
standards and increased to 20.4%
when the NCHS standards were used.
However, it should be noted that the
highest Youden index value was ob-
tainedwhencasesweredeﬁnedbyus-
ing the NCHS reference and a MUAC
cutoffvalueof130mm,ratherthanthe
WHOcurve.Onthebasisofarea-under-
the-curve values, MUAC measure-
ments performed better against the
NCHS reference at cutoff values up to
140mm;itwasonlyat140and145mm
that such measurements performed
better against the WHO curve. This dif-
ference was statistically signiﬁcant
(Hanley-McNeil test, MUAC cutoff value
of 140 mm, NCHS versus WHO curve,
z  2.5; P  .01; MUAC cutoff value of
145 mm, NCHS versus WHO curve, z 
2.2; P  .02). Graphically, the best MUAC
cutoff point with the NCHS curve was
conﬁrmedtobe130mm(areaunderthe
curve: 0.82 [95% CI: 0.79–0.83]), and the
bestcutoffpointwiththeWHOcurvewas
135mm(areaunderthecurve:0.80[95%
CI: 0.79–0.82]) (Fig 1).
The predicted values of both logistic
regression models (unadjusted and
adjusted for height and gender) were
used to build 2 receiver operating
characteristic curves to analyze the
age and gender independence of the
sensitivity and speciﬁcity of MUAC
measurementsforthediagnosisofse-
vere wasting by using the WHO stan-
dards.Theareasunderthecurve,com-
pared with the Hanley-McNeil test, did
not differ statistically (z  0.48; P 
.05). The area under the curve for the
unadjusted curve was 0.89 (95% CI:
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curve for the curve adjusted for gen-
der and height was 0.90 (95% CI: 0.89–
0.92).
The results in Table 2 conﬁrm this rel-
ative height (as a proxy for age) inde-
pendence of the sensitivity and speci-
ﬁcity of MUAC measurements for
children between the ages of 6 and 59
months. For children 24 to 59 months
of age, the sensitivity and speciﬁcity of
MUAC measurements were indepen-
dent of age; for children 24 months
of age, however, the sensitivity and
speciﬁcity of MUAC measurements
were relatively independent of age.
DISCUSSION
Our results showed an increase in the
number of children classiﬁed as hav-
ing severe wasting when the new WHO
curve was compared with older stan-
dards. This ﬁnding conﬁrms the results
ofotherstudies.16,17Thisincreasedprev-
alenceofseverewastingshouldhavean
impact on the planning of nutritional
support programs in sub-Saharan Af-
rica, because of the more-inclusive na-
ture of the WHO standard-based case
deﬁnition.Duringafamine,unstablecon-
ditionsmaymakeitdifﬁculttodetermine
the height and weight of children, and
the use of MUAC measurements for chil-
dren6to59monthsofagemightoveres-
timateseverewasting.Withahighercut-
off point, false-positive results increase
and malnutrition is therefore overesti-
mated; however, false-negative results
decrease.
MUAC was found to be the best indica-
torforscreeninganddetectionofmal-
nutrition in a community.7 Screening
methods based on comparisons with
growth curves or weight gain are not
likely to be predictive of mortality risk;
arm circumference measurements,
even without corrections for age
or height, are substantially better
than weight-for-age, height-for-age, or
weight-for-height measurements.18 A
MUAC cutoff point of 110 mm was
most related to mortality risk and
therefore is suitable for use in malnu-
trition screening and detection efforts
among children between 6 and 59
months of age.7,19–23 However, with the
new WHO reference curve, an increase
of 5 mm (from 110 mm to 115 mm) in
the MUAC cutoff value is necessary to
maintainalevelofdiagnosticaccuracy
equal to that of the old curve.
With the new WHO curve, the overall
performance of MUAC measurements,
in terms of sensitivity and speciﬁcity,
has deteriorated; therefore, to main-
tain the same diagnostic accuracy as
the old curve and to identify the chil-
drenatgreatestriskofdeathresulting
fromseverewasting,achangeinthecut-
off value is needed. Our major ﬁndings
are related to the need to change the
MUAC cutoff point used to diagnose se-
vere wasting from 110 mm to 115
mm. This increase of 5 mm produces a
large change in sensitivity (from 16% to
25%), with little loss in speciﬁcity. In ad-
dition,thisincreaseimprovestheproba-
bilityofdiagnosingseverewasting,com-
pared with the NCHS curve, and reduces
false-negativeresultsby12%becauseof
the more-inclusive nature of the WHO
curve-based case deﬁnition.
The relative age and gender indepen-
dence of the sensitivity and speciﬁcity
of MUAC measurements and the ease
of use are some of their most impor-
tant characteristics.4–7 The results of
our study also revealed that the age in-
dependence of the sensitivity and speci-
ﬁcity of MUAC measurements improves
withtheswitchfromtheNCHSstandards
FIGURE 1
Receiver operating characteristic curves for severe wasting, deﬁned as weight-for-height z scores below 3, with NCHS (area under the curve: 0.82 [95%
CI: 0.79–0.83]) and WHO (area under the curve: 0.80 [95% CI: 0.79–0.82]) standards and different MUAC cutoff values.
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reference curve is used, the sensitivity
and speciﬁcity of MUAC measurements
areattheirmostagedependentandthe
MUAC cutoff value increases by 1.5 cm
between the ages of 6 and 59 months.
Withthenewcurve,anincreaseofonly1
cm is targeted among children between
the ages of 6 and 59 months.
Other researchers also found that the
MUAC cutoff points increase by 1.5 cm
between the ages of 6 and 59 months
according to the NCHS curve.24–26 This
reinforcesthevalidityofourﬁndingthat
therelativeageindependenceofthesen-
sitivityandspeciﬁcityofMUACmeasure-
mentsimproveswiththenewcurve.The
improvedpredictivecapacityandtherel-
ativeageindependenceofthesensitivity
and speciﬁcity of MUAC measurements
indicate that the standards of the new
WHO curve are better able to screen for
severe wasting.27
Our study may contain a classiﬁcation
bias, because the surveys were con-
ducted in 10 different countries at dif-
ferent times and by different staff
members. Similarly, we think that
theremighthavebeenaselectionbias
related to the ethnicity of the children.
Anthropometric nutritional surveys
fromEthiopiaandSomaliafoundthatz
scores and MUAC case deﬁnitions re-
turned different estimates of the prev-
alence of acute malnutrition in pasto-
ralist livelihood zones but similar
estimates of the prevalence of severe
wasting in agrarian livelihood zones.28
Nevertheless, the new WHO curve uses
TABLE 2 Sensitivity, Speciﬁcity, and Youden Index for MUAC Indicators in Identifying Severe Wasting (Weight-for-Height z Scores Below 3) Among
34937 Children 6 to 59 Months of Age, According to Height
Height (Age Proxy) MUAC
Cutoff
Value, mm
WHO NCHS
Sensitivity,
%
Speciﬁcity,
%
Youden
Index
Sensitivity,
%
Speciﬁcity,
%
Youden
Index
60.0–73.9 cm (6–11 mo) 110 32.0 99.0 0.31 48.1 97.6 0.46
115 47.8 97.4 0.45 68.8 95.3 0.64
120 71.8 90.4 0.62 89.6 87.4 0.77
125 84.6 81.6 0.66 92.2 78.2 0.70
130 93.2 62.9 0.56 97.4 59.9 0.57
135 95.3 50.4 0.46 98.7 48.0 0.47
140 98.5 29.7 0.28 100 28.2 0.28
145 99.4 19.3 0.19 100 18.3 0.18
74.0–84.9 cm (12–23 mo) 110 18.9 99.6 0.19 28.1 99.4 0.28
115 32.2 98.8 0.31 44.8 98.5 0.43
120 54.4 95.8 0.50 65.1 95.1 0.60
125 67.2 91.2 0.58 79.2 90.4 0.70
130 82.5 78.8 0.61 89.6 77.8 0.67
135 87.8 67.2 0.55 92.2 66.3 0.59
140 92.8 47.7 0.41 94.3 47.0 0.41
145 95.8 34.8 0.31 96.4 34.3 0.31
85.0–93.9 cm (24–35 mo) 110 12.7 99.9 0.13 25.0 99.8 0.25
115 17.8 99.7 0.18 28.3 99.6 0.28
120 34.7 98.6 0.33 43.5 98.2 0.42
125 51.2 96.7 0.48 63.0 96.1 0.59
130 73.7 90.7 0.64 79.3 89.7 0.69
135 83.1 83.8 0.67 88.0 82.8 0.71
140 92.0 68.6 0.61 92.4 67.7 0.60
145 94.4 56.2 0.51 93.5 55.4 0.49
94.0–101.9 cm (36–47 mo) 110 5.8 99.9 0.06 10.0 99.9 0.10
115 9.0 99.7 0.09 13.3 99.6 0.13
120 24.7 98.8 0.24 27.8 98.4 0.26
125 38.1 97.2 0.35 40.0 96.5 0.37
130 61.9 92.3 0.54 65.6 91.3 0.57
135 76.7 86.0 0.63 78.9 84.7 0.64
140 89.7 72.8 0.63 88.9 71.6 0.61
145 91.0 61.3 0.52 90.0 60.2 0.50
102.0–110.0 cm (48–59 mo) 110 2.7 100 0.03 7.0 100.0 0.07
115 4.9 99.9 0.05 11.6 99.9 0.12
120 9.1 99.7 0.09 17.4 99.5 0.17
125 19.4 98.9 0.18 31.4 98.5 0.30
130 49.0 95.7 0.45 57.0 94.5 0.52
135 74.1 90.2 0.64 75.6 88.3 0.64
140 91.3 78.2 0.63 86.0 76.1 0.62
145 93.9 66.3 0.60 88.4 64.5 0.53
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ing countries and provides a tool that
is timely and appropriate for contem-
porary ethnic diversity and the devel-
opment of increasingly multiracial
societies. The WHO curve also demon-
strates that healthy children from
around the world who are raised in
healthy environments, according to
recommended feeding practices, have
strikingly similar patterns of growth.29
CONCLUSIONS
With the new WHO curve, the perfor-
manceofMUACmeasurementshasde-
teriorated. This poorer performance,
in terms of sensitivity and speciﬁcity,
conﬁrmstheneedtochangetheMUAC
cutoff value from 110 mm to 115
mm.Thisincreaseof5mmproducesa
large change in sensitivity (16% to
25%) with little loss in speciﬁcity, im-
proves the probability of diagnosing
severe wasting, and reduces false-
negativeresultsby12%.Thischangeis
needed to maintain the same diagnos-
tic accuracy as the old curve and to
identifythechildrenatgreatestriskof
death resulting from severe wasting.
APPENDIX
MUAC Measurers
The measurers were people already
working in nutritional programs. The
measurers were supervised by a per-
son who was responsible for proper
application of the sampling proce-
dures and was responsible for a team
withrespecttothemeasurementsand
otherproceduresdeﬁnedinthesurvey
guidelines.Allmeasurersweretrained
by a nutritional nurse regarding the
proper gathering of anthropometric
measurements. A pretest was con-
ducted to test the teams and the reli-
ability of primary measurements. At
theendofthepretest,thequalityofthe
anthropometric measurements taken
by the measurers was reviewed.
Device Used to Measure MUAC
Thedeviceusedwasaplastic,colored,
insertiontape(incapableofstretching
and unresponsive to temperatures)
marked in millimeters, with cutoff
points from red to yellow at 110 mm
and from yellow to green at 125 mm.
Calculation of Indicator of Severe
Wasting (Weight-for-Height
z Score)
Severe wasting, deﬁned as weight-for-
height z scores below 3 for all chil-
dren according to the NCHS curve,
were calculated with Epi Info 6 (Cen-
ters for Disease Control and Preven-
tion, Atlanta, GA). The z scores for the
new WHO standards were calculated
with the igrowup macro package
(available at www.who.int/childgrowth/
software/en).
Estimation of Age and Gender
Independence of Sensitivity and
Speciﬁcity of MUAC Cutoff Values
From WHO Curve
Two logistic regression models were
used to analyze the age and gender in-
dependence of the sensitivity and
speciﬁcity of MUAC measurements in
the diagnosis of severe wasting ac-
cording to the WHO curve. The ﬁrst
model was built by using the WHO di-
chotomous indicator (yes/no) of se-
vere wasting as a dependent variable
and MUAC as an independent variable.
The second model was adjusted for
genderandheight(asaproxyforage).
The models were as follows: unad-
justed model: log(severe wasting) 
0  (1  MUAC); adjusted model:
log(severe wasting)  0  (1 
MUAC)  (2  height)  (3  gen-
der).Thepredictedvaluesofbothmod-
els were used to build 2 receiver oper-
ating characteristic curves. The areas
under the curves were compared with
the Hanley-McNeil test.
Youden Index
The Youden index represents an at-
tempttosummarizetestaccuracyinto
a single numeric value, that is, Youden
indexsensitivityspeciﬁcity1
S(1E).Theminimumvalueis1
and the maximum value is 1. A per-
fect test would have a Youden index
value of 1.
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